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Coil, tube, and other structures configured with a plurality of 
individual coils, internal structures, legs or extensions with 
each having multiple cants per coil, internal structure, leg or 
extension, and wherein the cants formed therein allow for a 
load-deflection force when each is compressed. In addition, 
any horizontal or moment forces are substantially reduced 
and/or eliminated when a downward vertical force is applied, 
as minimal or no torsion is created in the individual coils, legs 
or extensions. 
18 Claims, 23 Drawing Sheets 
400b 
1c 
12 
106 
r 110 t 
1U4 
https://ntrs.nasa.gov/search.jsp?R=20150007187 2019-08-31T10:46:55+00:00Z
US 9,010,740 B2 
Page 2 
(56) 	 References Cited 
U.S. PATENT DOCUMENTS 
	
5,931,830 A * 	 8/1999 Jacobsen et al ............... 604/523 
6,159,055 A * 12/2000 Satitpunwaycha et al.... 439/700 
	
7,055,812 B2 	 6/2006 Balsells 
7,074,096 B2 * 7/2006 Copper et al. 	 ..... 
7,274,964 B2 9/2007 Balsells 
8,336,864 B2 * 12/2012 Noh 	 ................... 
2011/0037234 Al * 2/2011 Balsells et al...... 
2011/0062640 Al * 3/2011 Leon 	 .................. 
* cited by examiner 
..... 439/843 
..... 267/167 
..... 277/562 
..... 267/166 
FIG. 
T 
X10-, 
1oob 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 1 of 23 	 US 9,010,740 B2 
FIG. 
(PRIORT 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 2 of 23 	 US 9,010,740 B2 
200  
106 
FIG. 
Prior ,art 
110' 
106 
FIG. 
Prior Art 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 3 of 23 	 US 9,010,740 B2 
TT 	 T 
FIG. 
Prior Art 
TT 
FIG. 
Prior Art 
U.S. Patent Apr. 21, 2015 	 Sheet 4 of 23 	 US 9,010,740 B2 
C3 
u- L 
c3 
r) 
LL LL 
120 /110 
FIG. 
1.- 
12 
106 
/110 
I U4 
FIG. 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 5 of 23 	 US 9,010,740 B2 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 6 of 23 	 US 9,010,740 B2 
-T- 
FIG. 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 7 of 23 	 US 9,010,740 B2 
FIG. 
FIG. 
FIG. 
500 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 8 of 23 	 US 9,010,740 B2 
 
 
0 
t 
6 
LL 
Q 
CS 
C) 
C 
LL 
CD 
CD 
m 
d 
LL 
LO 
LL LL 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 9 of 23 	 US 9,010,740 B2 
CD 
  
M 
00 
0 
LL 
E 
00 
u- 
00 
LL 
  
LO 
  
U.S. Patent 	 Apr. 21, 2015 	 Sheet 10 of 23 	 US 9,010,740 B2 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 11 of 23 	 US 9,010,740 B2 
   
LL 
D 
rn 
LL 
6 
u— LL 
N 
U.S. Patent 	 Apr. 21 , 2015 	 Sheet 12 of 23 	 US 9,010,740 B2 
/'~- 
1000 
120 
FIG. 1 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 13 of 23 	 US 9,010,740 B2 
Ll. 
Ir- <j 6 
L_ L- 
.° ~.~„° 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 14 of 23 	 US 9,010,740 B2 
FIG. 1 	 FIG. 1 	 FIG. 1 	 `I. 1 
FIG. 	 FIG. 1 
	
FIG. 1 
_I 1:1 UQ// 
I. 13D 	 FIG. 13E 	 FIG. 
1460 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 15 of 23 	 US 9,010,740 B2 
FIG. 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 16 of 23 	 US 9,010,740 B2 
(D 
LL 
04 
C~l 
C9 
6 
LL 
CIO 
Ir- 
(D 
LL 
C) 
CD 
1499 
FIG. 1 
1404— 
FIG. 1 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 17 of 23 	 US 9,010,740 B2 
C` 
Go 	 CD
CD 
u— 
CD 
OD 
u— 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 18 of 23 	 US 9,010,740 B2 
1500 
1508 
1512 
506 
iO4 
FIG. 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 19 of 23 	 US 9,010,740 B2 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 20 of 23 	 US 9,010,740 B2 
LL 
LL 
C) 
u- 
1700 
17 
FIG. 17 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 21 of 23 	 US 9,010,740 B2 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 22 of 23 	 US 9,010,740 B2 
1800 —1,,x 
181 
804 
1802 
-I Ozz 
	
lMou 
FIG. 18 
U.S. Patent 	 Apr. 21, 2015 	 Sheet 23 of 23 	 US 9,010,740 B2 
0 
L- 
LL 
US 9,010,740 B2 
MULTI-CANTED COILS, TUBES, AND 
STRUCTURES 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
This application claims priority under 35 U.S.C. §119 to 
the following U.S. Provisional Patent Application, which is 
hereby incorporated by reference in its entirety: U.S. Ser. No. 
61/405,295 filed Oct. 21, 2010. 
THIRD PARTY RIGHTS 
This invention was made with government support under 
NASA prime contract NNC06BA07B. The Government has 
certain rights in the invention. 
COPYRIGHT STATEMENT 
A portion of the disclosure of this patent application docu-
ment contains material that is subject to copyright protection 
including the drawings. The copyright owner has no objection 
to the facsimile reproduction by anyone of the patent docu-
ment or the patent disclosure as it appears in the Patent and 
Trademark Office file or records, but otherwise reserves all 
copyright rights whatsoever. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present embodiments relate generally to mechanical 
springs, tubes, and other structures utilizing a multi-canted 
design. 
2. Description of the Prior Art 
Coil springs are used in a variety of mechanical applica-
tions to lift, pull, spin, compress, seal, store energy, balance, 
connect, lock, dampen and so forth. The characteristics and 
uses of compression, extension, and torsion springs have 
typically been altered by changing the spring's material, coil 
geometry, wire size, number of coils and varying the spring's 
attributes and dimensional ratios. For example, previous 
single or single-varying canted coils designs have been devel-
oped to allow for force-deflection characteristics perpendicu-
lar to the length of the coil and/or coil axis. In other instances, 
single-canted garter-type coils have been designed for axial-
loaded applications. 
A general discussion of these types of canted-coil and 
canted garter-type springs and spring design is set forth in 
U.S. Pat. Nos. 3,468,527; 4,655,462; 4,826,144; 4,830,344; 
4,876,781; 4,893,795; 4,907,788; 4,915,366; 4,917,302; 
4,961,253; 4,974,821; 4,964,204; 5,160,122; 5,108,078; 
5,139,243; 5,139,276; 5,203,849; 5,239,737; 5,503,375; 
5,542,682; 5,615,870; 5,709,371; 5,791,638; 7,055,812; and 
7,274,964. All these patents are to be incorporated herein by 
their specific reference thereto for the purpose of disclosing 
heretofore coil spring design and manufacture. 
However, even with the advancement of load deflection 
designs and in particular perpendicular load deflection, there 
is a still a need for improving a coil design to reduce wear 
against contact surfaces, and to reduce sliding and rotation, 
which often results in rubbing or scrubbing damage to a 
contact surface. Additionally, a design is sought that has the 
ability to form tighter seals/contacts around contoured sur-
faces and moving contact surface applications when a spring 
coil is being used as a pre-loader. It is further desired that a 
coil design has the ability to remain upright without end 
supports, while having the advantages of load deflection pro- 
2 
vided by previous canted-coil designs, and an interlocking 
coil design that could be used to create lightweight structures. 
The present embodiments of this application address these 
and other advantages sought for in a spring coil design and 
5 manufacture. 
SUMMARY OF THE INVENTION 
A coil comprising a plurality of interconnected individual 
10 coils is formed along a length of a coil axis, wherein each of 
the individual coils comprising the coil has two or more cants 
formed therein, and wherein the cants formed therein are 
configured to exhibit a load-deflection force when each indi-
vidual coil is compressed. Tubes and other designs are con- 
15 figured to exert load-deflection forces when compressed 
through multi-canted portions, legs or extensions from the 
core design. These multi-canted coils, tubes, and designs are 
configured to substantially reduce and/or eliminate any hori-
zontal forces or moments created when a downward force is 
20 applied to the multi-canted portions of each. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1A-B illustrate a side-view of canted coil springs 
25 having either a single or single-varying cants along individual 
coils of the spring. 
FIGS. 2A-B illustrate various forces exerted on the canted 
coil springs of FIGS. 1A-B along both the vertical and hori-
zontal axis. 
30 	 FIGS. 2C-D illustrate portions of the single and single- 
varying canted coil springs of 2A-B placed in a four quadrant 
degree coordinate plane. 
FIGS. 3A-D illustrate various views of a multi-canted 
spring coil. 
35 	 FIG. 4A illustrates a side-view of a multi-canted spring coil 
showing two angles formed. 
FIG. 4B illustrates various forces exerted on the multi-
canted spring coil of FIG. 4A. 
FIG. 4C illustrates a multi-canted coil having canted angles 
40 in multiple coordinate plane quadrants. 
FIGS. 5A-C illustrate various views of a multi-canted gar-
ter-type coil. 
FIGS. 6A-D illustrate various views of a multi-canted 
spring coil with a square-shaped front view. 
45 	 FIGS. 7A-D illustrate various views of another embodi- 
ment of a multi-canted spring coil having a repeating coil 
shape. 
FIGS. 8A-D illustrate another embodiment of a multi-
canted spring coil having a repeating coil shape including a 
50 torsion bar. 
FIGS. 9A-D illustrate another embodiment of a multi-
canted spring coil having a repeating coil shape. 
FIG. 10 illustrates a two-dimensional embodiment of a 
multi-canted spring coil. 
55 	 FIGS. 11A-7 illustrate various front view shapes of multi- 
canted coils. 
FIGS. 12A-D illustrate side or top view multi-canted por- 
tions of individual coils in a multi-canted design. 
FIGS.I3A-F illustrate various cross-sections of wires used 
60 in a multi-canted coil spring. 
FIGS. 14A-H illustrate a multi-canted garter-type coil 
around various shafts and systems, and in some views dem-
onstrating dampening forces in multiple directions. 
FIG. 15 illustrates a multi-canted coil used as a pre-loader 
65 in a sealing application. 
FIGS. 16A-D illustrate embodiments of a tube having 
multi-canted legs protruding therefrom. 
US 9,010,740 B2 
3 
FIG. 17 illustrates a sealing tube using a multi-canted 
design. 
FIG. 18 illustrates a multi-canted coil used in an applica-
tion with an uneven surface or orthogonal forces along the 
length of the coil. 
FIGS.I9A-B illustrating a compressed and uncompressed 
multi-canted coils configured to expand into a support struc-
ture or tower. 
DETAILED DESCRIPTION OF THE PREFERRED 10 
EMBODIMENT 
When a round coil spring is canted, the geometry of the coil 
is changed and takes on a slanted appearance, such as that 
shown in FIGS. 1A-B. For purposes of this application, a cant 15 
refers to a bend, slant, arc or curve along a portion of a coil, 
rung, leg or other part of a spring or tube wherein an angle, 
slant, arc, or tilted appearance is formed. A cant may have 
varying radii such as a curve with varying radii. The cant may 
be formed with respect to a contact surface, centerline, coil 20 
axis, and/or length of a coil or tube. For example, in prior art 
shown in FIG. 1A, a single-canted portion of each coil having 
angle a is shown to emanate from the bottom contact surface. 
However, it may also be said the single cant is formed about 
the coil axis 110. FIG. 1B illustrates another prior art design 25 
where a coil may have varying or variable cants along a 
portion of an individual coil wherein one portion is canted or 
formed at angle R  and another portion thereafter is canted at 
angle a. All of these varying or variable cants tend to be 
formed in a similar direction or quadrant. For instance, as 30 
drawn in FIGS.1A-B angles a and R  generally fall between 0 
and 90 degrees. When placing these canted designs in a four 
quadrant coordinate system, such as those shown in FIGS. 
2C-D, most of these angles would fall in the first quadrant of 
a four quadrant 0-360 degree coordinate plane, where 0-90 35 
degrees is the first quadrant, 90-180 degrees is the second 
quadrant, 180-270 degrees is the third quadrant, and 270 to 
360 degrees (or 0) is the fourth quadrant. 0 and 180 degrees 
comprising the horizontal direction and 90 and 270 degrees 
comprising the vertical direction. If the angles were measured 40 
from the top contact surface shown in FIGS. 1A-B the angles 
would fall in the third (III) quadrant as shown in FIGS. 2C-D. 
It will be shown hereafter that the multi-canted configura-
tions generally form angles, bends and/or arcs that when 
measuring the angles would appear in multiple quadrants, for 45 
instance a portion of the coil shown along one plane may have 
angles appear in multiple quadrants as shown in FIG. 4C 
where the multiple cants form an arc about the horizontal 
(0-180) line of the coordinate plane shown. Thus, having 
multiple cants in more than one quadrant along a single plane 50 
is a distinction over previously designed canted coils. 
Another key distinction between prior canted-coil designs 
and the embodiments disclosed hereinresides in the mechani-
cal properties exerted when an orthogonal or perpendicular 
force with respect to the length of a canted coil and/or the axis 55 
about which each individual coil of the canted spring coil 
occurs. For example in FIGS. 2A-B a vertical downward 
force 102 that is orthogonal to centerline axis 110 is applied to 
canted coils 200A-B wherein 1) an opposite upward force 104 
and 2) a horizontal force 106 or moment are formed. If the 60 
horizontal force 106 created in these examples is greater than 
the friction along the contact surface 150, canted coils 
200A-B may shift, slide or move. To avoid sliding in certain 
cases, the ends of a canted coil are braced against a block, wall 
or edge. Bracing against such edges may cause additional 65 
non-uniform stresses to the individual coils closest to the 
edge.  
4 
Shifting or sliding canted coils may lead to wearing along 
the contact surface 150 and ultimately cause failure in a 
particular system or application. For example, applications 
that experience high duty cycling, vibrations and other such 
instances may repeatedly wear down the contact surface as a 
result of the constant rubbing. As a result, these applications 
may require regular checking and replacement to avoid dam-
age or failure at a critical point. Use in hypersonic applica-
tions is one such example where failure could lead to cata-
strophic situations. One application where previous canted 
coil springs have been used in hypersonic applications occurs 
in pre-loader sealing applications, such as one illustrated in 
FIG. 15 and discussed below. 
It should be noted most coil springs are aligned such that 
each individual coil is formed around a coil axis, such as 110 
in FIGS. 1A-213, that runs the length of a plurality of these 
interconnected individual coils, thus forming a coil or coil 
spring. 
Other applications using canted coils, such as an electronic 
application, may rely on the constant connection with the 
contact surface the spring may be placed on or touching. Any 
shifting or sliding along this conductive surface may also 
result in temporary or permanent loss of electrical connec-
tion. 
As a result, the embodiments described herein have been 
developed to improve upon previous mechanical spring coil 
design and more specifically previous canted coil designs. 
One such improvement described throughout the present 
application includes two or more cants per coil along the 
spring's length, where at least one of the cants is formed in a 
manner that angles or curves backunder a first cant, see FIGS. 
3A-10. Another example is to have at least one cant along an 
individual coil (or leg of a tube) in the first quadrant and a 
second (or third) cant along the same coil (or leg) in the 
second, third or fourth quadrant. Most often the cants are in 
the first and fourth quadrants or second and third quadrants. 
By countering the cant in one quadrant with a cant in 
another quadrant the multi-canted coils provided herein 
improve upon mechanical properties over existing spring 
designs such as: increased force, and better resilience. The 
embodiments described herein are also capable of reducing 
spring size, lowering spring stress, and providing for a lighter 
spring mass while retaining the ability to apply high forces 
over current designs. 
FIGS. 3A-D show various views of a multi-canted spring 
coil where at least two cants are seen along the top portion 120 
of each individual coil shown in the top surface view and 
plane (FIG. 3A) of multi-canted spring coil 300. Additionally, 
at least two cants are shown along the side portion 125 shown 
in the side surface view and plane (FIG. 3C) of the multi-
canted spring coil 300. FIG. 3B shows an isometric view of 
this multi-canted spring coil 300 and FIG. 3D shows each 
individual coil 140 having a having a circular coil shape as 
shown in this front view or plane. It will be shown in other 
embodiments where multiple cants may reside along either 
the top and bottom or side surfaces running along the length 
of the coil (or around the diameter in the case of a garter-type 
coil, such as shown in FIGS. 5A-C). 
Advantages of having multiple cants along the top and 
bottom as well as the side surfaces include deflection in each 
plane where the multi-cant portions reside. For example, in 
the embodiment illustrated in FIGS. 3A-D deflection could 
occur between the top and bottom surfaces and the right and 
left sides running the length of the coil, as well as between the 
front and back of the coil. This multi-directional force-deflec-
tion capability allows for greater utility. In contrast, previous 
single-canted or single-variable canted coils only deflect 
US 9,010,740 B2 
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along one plane running the length of the coil. In some 	 stood in the art as each individual coil loops continuously to 
embodiments the deflection planes may actually be an infinite 	 form the length of a spring coil or garter-type coil. Again, 
number about the length of a multi-canted coil as described 
	
FIGS. 7A-D illustrate that multi-canted coils may have indi- 
herein. 	 vidual cants directed along the length, directed internally or 
FIGS. 4A-B illustrate a side-view of a multi-canted spring 5 extending externally from an individual coil shape or combi-
coil similar to the embodiment shown in FIGS. 3A-D. 	 nation of both. 
40OA-B are distinguished over the prior art wherein a first 	 FIGS. 8A-D illustrate another embodiment of a multi- 
cant is formed along portion 120 of an individual coil having 	 canted spring coil having a repeating individual coil shape, 
an angle a and a second cant is formed along the same portion 	 where the canted portions of the individual coils are directed 
120 of the individual coil having an angle (3, wherein a down-  io both into the coil shape in addition to running the length of the 
ward force 102 (drawn here to be perpendicular to centerline 	 coil. Here the front view of the multi-canted coil shown in 
axis 110) applied on each individual coil is substantially near 	 FIG. 8D shows two larger square sections connected with two 
or in a same plane and cancels out an upward force 104 in the 	 oblong sections. Part of the completed path or loop of the 
same plane. Consequently, a moment or horizontal force 106 
	
individual coil actually overlaps itself before forming the 
along the length of the coil is eliminated or reduced substan-  15 completed path or loop. This particular embodiment does 
tially wherein sliding or shifting is eliminated or substantially 	 incorporate tension bar design within the individual coil 
reduced. Generally, any horizontal force or moment caused 	 shape that works with the multi-canted design to allow for a 
by a downward perpendicular force 102 along the length of 	 variable force-deflection response. Often the shape of each 
the spring is insufficient to overcome a static friction force 	 coil coupled with the canted portions contributes to creating 
between the coil and the contact surface, thereby eliminating 20 force-deflection curves that are desirable for each unique 
sliding or shifting. 	 application. However, the torsion design illustrated in this 
Additionally, the offsetting or counterbalancing second 	 embodiment is independent and operates separately from 
cant forming angle R  also provides stability to the spring 
	
adjacent individual coils. 
allowing it to stand on edge without falling to the canted side, 	 FIGS. 9A-D illustrate another embodiment of a multi- 
such as previous designs illustrated in FIGS. 1A-213 have a 25 canted spring coil having a repeating triangular coil shape. 
tendency to do. Furthermore, with each coil less dependent 	 FIG. 10 illustrates a two-dimensional embodiment of a 
upon an adjacent coil for support many of the multi-canted 	 multi-canted spring 1000. The side view of the spring shows 
coils embodiments described herein are configured to apply 	 a single line illustrating the individual springs tracing down 
equal forces along uneven surfaces. An illustration of an 	 and back up in a linear direction, thus not extending outward 
uneven surface being applied to a multi-canted spring coil 30 into a third plane aside from the thickness of the wire used. 
design is illustrated in FIG. 18. Another way of distinguishing 	 Here the two-dimensional multi-canted spring similar to 
the present embodiments over previous canted designs, is less 	 other multi-canted coil springs illustrated, has repeating por- 
or minimal torsion is created in each individual coil. Previous 	 tions 120 that are multi-canted, bent or arched that form or fit 
designs rely heavily on torsion or twisting of the portion of 	 together with the other repeated portions. Because of the 
each individual coil that is connected to an adjacent coil to 35 two-dimensional design there are no overlapping coils rather 
create the perpendicular deflection forces along the length of 	 each repeating portion 120 acts as an individual spring with- 
the canted coil. While in the present embodiments each indi- 	 out looping around to form a coil shape. 
vidual coil's geometry (the multi-canted designs), thickness 	 In some instances the spacing placed between each 
of wire, shape of wire, and type of wire, create the perpen- 	 repeated portion 120 in FIG. 10 allows for a substantial or 
dicular deflection forces without needing to rely on adjacent 40 complete deflection without the inner portion of each indi- 
individual coils. In other terms the multi-canted geometry 	 vidual spring deflecting to contact an adjacent individual 
creates a spring within a spring through deflection forces and 	 spring. In other instances the spacing is configured so as to 
not necessarily through torsion forces. Each individual coil 	 allow the inter-weaved individual spring shapes to depress 
may be placed in compression along the coil axis as opposed 	 onto an adjacent individual spring after a certain amount of 
to in torsion. 	 45 deflection is achieved. This is particularly apparent in two- 
FIGS. 6A-D illustrate a multi-canted spring coil 600 with a 	 dimensional shaped multi-canted spring designs. 
individually square-shaped coils shown in front view or plane 	 FIGS. 11A-J illustrate various front view shapes of indi- 
(FIG. 6D). The embodiment shown, may be adaptable to a 	 vidual coils. As previously mentioned, individual coil shapes 
channel with square-like cross-section. This embodiment 	 may come in a variety of shapes and sizes. A few of the shapes 
may also prevents the multi-canted spring coil from rolling; 50 illustrated include individual coils that overlap a part of the 
though, the number of force-deflection directions is limited 	 path, and those that contain canted portions such as FIGS. 
by the square shape of each coil as opposed to a round or 	 11G-J. 
circular coil previously illustrated in FIGS. 3A-D. 	 FIGS. 12A-D illustrate side or top views of portions of 
FIGS. 7A-D illustrate another embodiment of a multi- 	 individual coils in a multi-canted spring or coil. Similar to the 
canted spring coil 700 having a repeating individual coil 55 shapes drawn in FIGS. 11A-J showing the front view of 
shape where the canted portions of each coil are inwardly 	 individual coils the side or top view illustrating the multi- 
directed to the center portion formed of each individual coil. 	 canted portions of the individual coil generally run along the 
Alternatively, the cants are along an intersecting plane per- 	 length of a spring coil and may also come in a variety of 
pendicular to the plane that runs the length of the multi-canted 	 configurations. As previously discussed, most of these 
spring coil 700 as opposed to the previous embodiments 6o designs are configured to have the multiple canted portions 
shown where the cants generally run along the plane of the 	 offset each other along a vertical or perpendicular direction 
length of the spring coil. It should be understood that the term 	 from the horizontal direction running the length of the multi- 
individual coil means a completed loop or path of a coil 	 canted spring coil where a force is likely to be applied, thus 
forming a desired shape, such as a circle, square or the indi- 	 reducing shifting or sliding along a horizontal or running 
vidual coil shape 140 illustrated by the front view in FIG. 7D. 65 length of the spring coil. In particular, FIG. 12D illustrates a 
The completed loop does not necessarily mean the path 	 multi-canted configuration that features three variable canted 
reconnects with itself in the same plane, which is well under- 	 portions or two opposing arcs or bends. 
US 9,010,740 B2 
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FIGS.I3A-F illustrate various cross-sections of wires used 
in a multi-canted configurations. The cross-sectional shape 
and type of metal wire, plastic or other material used to form 
a multi-canted configuration also contributes to the force-
deflection and other properties of a multi-canted coil. It is 5 
understood that the cross-sections shown as well as other 
shapes may be used to increase stiffness, surface contact area, 
manufacturability, weight and other desirable characteristics. 
However, it should be noted that the multi-canted geometry 
and embodiments described allows for stiffer properties using io 
the same diameter and cross-sections of previous canted 
designs. In other words smaller diameters would allow for 
equivalent load-deflection forces while reducing the amount 
of material used. 
The multi-canted shapes and coils described herein may be 15 
formed using 3D casting methods, winding, loosely mated 
hearing bone gears or other methods of forming coil springs 
that are known in the art. 
Some embodiments 1400, 1402, and 1404 demonstrating 
some of these force-deflection capabilities are illustrated in 20 
FIGS. 14A-H. In these embodiments a garter-type multi-
canted coil 1460 (similar to the one shown in FIGS. 5A-C) is 
placed around a shaft in each embodiment. Shaft 1470, shown 
in FIG. 14A has a uniform diameter and outer surface 1472 
where inward directed force created by coil 1460 is exerted, 25 
thus illustrating a load deflection force in one plane. 
The coil-shaft embodiment 1402 illustrated in FIGS. 
1413-1) shows shaft 1480 having multiple outer diameters as 
shown by outer surface 1482 having a smaller diameter then 
outer surface 1484. Coil 1460 is placed up against contact 30 
surface 1450 and as drawn in FIG. 14D an outward force 1435 
corresponds to inward force (not labeled) produced by coil 
1460. 
Coil shaft embodiment 1404 illustrated in FIGS. 14E-H 
illustrates the same shaft in FIGS. 1413-1) with a collar 1490 35 
placed around shaft 1480 having an outer diameter 1494 and 
an inner diameter 1492. FIG. 14G illustrates forces 1437 and 
1439 being exerted between the contact surface 1495 of collar 
1490 and contact surface 1450 of shaft 1480, thus demon-
strating another plane coil 1460 can exert a load-deflection 40 
force. FIG. 14H illustrates a cross-sectional view of 14G. 
FIG. 15 illustrates multi-canted coil 1504 used as a pre-
loader in a sealing application 1500. As discussed previously, 
advantages of using a multi-canted coil as described and 
illustrated herein are: 1) improvement to a coil's ability to 45 
apply perpendicular forces; 2) upon loading, the lower result-
ant stresses within the Multi-canted Coil provide increased 
dependability by extending the fatigue life of the spring; 3) 
the multi-canted coil design provides higher forces therefore 
less material is required to make the spring resulting in a 50 
reduced spring weight and savings in material costs; 4) wear 
against coil contact surfaces is reduced because there is less 
sliding and rotation where each coil contacts a surface (e.g., 
less rubbing/scrubbing damage to contacting surfaces); 5) 
each individual coil is less dependent upon adjacent coils for 55 
support to remain upright, which is beneficial in applications 
where there are no stops constraining the ends of the spring or 
where a short spring is used, while a traditional single-canted 
coil spring with only a couple of coils would not remain 
upright and fall over where a multi-canted coil would not; 6) 60 
the multi-canted coil design may replace prior single-canted 
coils as preloaders in static and dynamic sealing applications 
by increasing sealing capabilities between gaps in both con-
toured and moving contact surface applications; 7) unlike 
traditional helical springs (e.g., garder springs), multi-canted 65 
coil seals do not expand horizontally when compressed ver-
tically so they can reduce or remove unneeded or undesired  
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forces on sides of channels in which they lay while providing 
increased forces in desired direction; 8) some multi-canted 
coil designs have bi- or even multi-directional capabilities 
such as adding force/recovery in multiple directions perpen-
dicular to the coil length simultaneously and as noted and 
illustrated in FIG. 14, a single multi-canted garter-type spring 
can provide bi-directional shaft alignment, support, suspen-
sion, and dampening; 9) the deflection of the multi-canted 
coil can be controlled by altering combinations of the spacing 
between coils or the coil material itself. 
For sealing application 1500, seal 1502 is placed on top of 
coil 1504 in cavity 1506 formed out of body 1508. Cover 
1512 is placed on top of seal 1502 to form a tight seal. This 
sealing application is particularly useful in hypersonic appli-
cations, such as doors sealing, landing gear, and so forth. It is 
important to have coil 1504 as a pre-loader, particularly in 
applications where vibrations, duty cycling, and other move-
ment are experienced, so that seal 1502 is held in place with 
a constant force exhibited by multi-canted coil 1504. As pre-
viously discussed, one can see where shifting or rubbing on 
seal 1502 might be detrimental to the purpose of the sealing 
application. 
FIGS.I6A-D illustrate embodiments of a tube 1600 having 
multi-canted legs 1620 protruding therefrom. As illustrated, 
the individual multi-canted legs may each have a unique 
multi-cant form with varying widths, angles, curves and so 
forth. The top 1630 may also act as a sealing portion in certain 
applications. In other embodiments the hollow body of the 
tube may be configured similar to a billet and internally seal 
or close as the tube is compressed along the tube axis running 
the length of the tube. As encompassed within the scope of 
this application, a variety of internal structures of a coil, tube 
or other structural design may utilize the multi-canted design 
described herein to create load-deflection, sealing and con-
touring benefits. 
FIG. 17 illustrates a sealing tube 1700 using a multi-canted 
design. Multi-canted tubes can act as both a spring and as a 
spring/seal in one. As drawn, slots 1725 are curved to form 
curved or multi-canted sections 1720, which when com-
pressed allow for sections 1730 to form a seal. This sealing 
tube 1700 has a rectangular cross-section 1740. Alternate 
embodiments follow similar patterns to those mentioned 
above for multi-canted coil springs. 
Multi-canted tubes provide sealing surfaces in and of them-
selves. These tubes may be constructed form rolled metal 
sheet stock or tubes with a series of double cants cut into the 
tube prior to rolling the sheet stock or cut directly into the tube 
itself. This technique will give tubes resilient conforming 
sealing surfaces in and of themselves having both preloading 
and sealing characteristics. The reduction of these now 
unneeded materials (elastomer, safil, ceramics, etc.) will 
allow for improved chemical and high-heat resistance for use 
in chemically corrosive environments where conventional 
systems do not work. 
In applications where metals are undesired due to (oxida-
tion, cost, conductivity, weight, EMF shielding, detection, 
and so forth elastomeric multi-canted tube coils may be used 
to give increased adaptability and stroke over solid or non-
canted elastomeric designs. The multi-canted tube design 
also gives metal seals significantly increased flexibility and 
high force output with small space requirements. This allows 
them to be used as reusable seals where rubber seals are 
currently used but undesired e.g. in vacuum situations where 
elastomers outgas. 
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Multi-canted tubes are easier to manufacture. They can be 
cut out of tubes, or cut out of sheets and rolled into tubes. 
Contain a sealing surface and preloader in one for sealing 
applications. 
FIG. 18, as mentioned above shows embodiment 1800 5 
where a body 1810 (or force) has an uneven surface 1805 
placing a load onto a multi-canted coil. As illustrated, some 
individual coils, like 1820, are deflected less than other indi-
vidual coils, like 1822, in the cavity 1804 formed out of 
housing 802, having a uniform contact surface 1850. How- io 
ever, it is contemplated, where a multi-canted coil may be 
sandwiched between two uneven surfaces. Again, as men-
tioned above, the individual coils respond to, and individually 
allow for, a more uniform force or seal for various applica-
tions. One can easily imagine the contours of a human body 15 
lying on a mattress, which may be one application of these 
multi-canted coils, springs, and tubes. 
Additionally, other applications where these multi-canted 
configurations may be used include: 
1. Lip Seals Used in aerospace and aviation, appliances, 20 
chemical processing, electrical/electronic, industrial, and 
transportation industries. 
2. Spacing of heat shields in heat and energy transfer appli-
cations provides an even compliable force between electri-
cal and thermally insulative/conductive material surfaces Ex: 25 
Radiant heat multi layer insulation. 
3. Shape Memory including thermally activated 
mechanical actuators. 
4. Drilling Applications when varying embodiments of 
the Multi-canted Coil Spring are spun, cutting and relief 30 
edges alter and may provide unique cutting capabilities. 
5. Mechanical Snakes Rotor RooterrM, DremelTM tool, 
sewer snakes. When the Multi-canted Coil spins, locking 
contact occurs between adjacent rungs wherever the spring 
bends around an obstacle. The torque transferred through the 35 
coil increase at those points where a traditional helical coil 
may bind. 
6. Conduit flexibility and rigidity when feeding through 
cavities. 
7. Expanding and locking structural supports and towers. 40 
By incorporating interlocks on each coil, the multi-canted 
coil spring's individual coils can lock against each other and 
stack up to create a rigid lightweight structure. For instance, 
a compressed multi-canted coil spring may fit into a smaller 
package. Upon release the multi-canted spring coil extends in 45 
length. Tabs or interlocks placed along the multi-canted por-
tions would allow for the multi-canted spring coil to be rigidly 
locked and fixed into place, thus forming part of a structural 
support or tower to be used in a variety of applications. One 
way of locking the multi-canted spring coil into place may 50 
involve rotating each individual coil by 90 degrees where 
adjacent individual coils would lock into the tab or interlock 
portion placed. The interlock or tabs may be comprised of a 
male and female portion and spaced along each individual 
coil consistently to allow for a twist and lock into place 55 
motion, as the multi-canted coil spring extends to form a 
support structure. Alternatively, individual coils can lock 
against each other with opposing ramp or wedge like pieces 
between the peak of one arc and the valley of another arc, thus 
stacking up to create a rigid lightweight structure. 	 60 
A coil spring can also be designed wherein internal strain 
energy can be twisted into the system as it is collapsed as 
shown in FIG. 19A. When the spring is released or uncon-
strained the coils can "untwist" and be locked into place as 
shown in FIG. 19B. 65 
expanding the entire system longitudinally adding to the 
overall expansion of a structure (the taller image). One of  
10 
various examples of a self expanding structure is the in 
deployable booms used in satellite systems. 
8. Multi-canted coils may be used in antenna designs to 
filter out undesired and/or amplify signals. 
9. Rope Seals multi-canted coils can replace braided 
metallic and elastomer preloaders in rope seals. This may 
reduce the effects of permanent deformation over currently 
used braided metallics. 
10. Toys such as SlinkyTM these configurations may 
decrease the chances of tangling as each coil of the spring 
cups, fits or forms into adjacent coils. 
11. Electrical Contacts multi-canted coils can provide 
increased contact force over currently used canted coil 
springs in electrical connections. Uses include power trans-
mission, distribution switchgears, and cabinet junction 
assemblies. 
12. Electronics Half of the multi-canted coil spring is 
either insulative (R-side or L-side) or electrically conductive 
and used to transmit power or signals. Ex: where there now is 
a rubber ribbon in a calculator to transmit electrons from the 
board to the LCD. Another Ex: instead of having separate 
springs for each pin like in a MacBook Pro power cord, a 
multi-canted coil Spring could do the same when laid 
between an array of electrical contact surfaces. 
14. Bed Springs Current spring mattress cores, often 
called "innersprings," are made up of steel coil springs, or 
"coils." These springs apply forces in line with their length. 
Multi-canted coil springs apply more constant forces perpen-
dicular to the springs length which may give added benefits to 
box spring designs. 
The above description is merely illustrative. Having thus 
described several aspects of at least one embodiment of this 
invention including the preferred embodiments, it is to be 
appreciated that various alterations, modifications, and 
improvements will readily occur to those skilled in the art. 
Such alterations, modifications, and improvements are 
intended to be part of this disclosure, and are intended to be 
within the spirit and scope of the invention. Accordingly, the 
foregoing description and drawings are by way of example 
only. 
What is claimed is: 
1. A coil, comprising: 
a plurality of interconnected individual coils forming a 
length along a coil axis, wherein each individual coil has 
two or more cants formed therein a first cant causing a 
top of each of the individual coils to extend in a first 
direction with respect to the coil axis and a second cant 
causing a bottom of each of the individual coils to also 
extend in the first direction, and wherein the at least two 
cants formed therein are configured to allow each indi-
vidual coil to be compressed about the coil axis; 
wherein each of the individual coils deflects a certain dis-
tance when acted upon by a perpendicular force, and 
wherein each of the individual coils deflects indepen-
dently from any adjacent coils and any contact between 
adjacent coils allows for slidable contact between said 
coils. 
2. The coil of claim 1, wherein the at least two cants form 
an arc along a portion of each individual coil. 
3. The coil of claim 1, wherein the cants are curves with 
varying radii. 
4. The coil of claim 1, wherein the compression of an 
individual coil does not cause a shifting motion along a con-
tact surface. 
5. The coil of claim 1, wherein at least two of the cants 
formed on each individual coil are angled in different coor-
dinate quadrants in a plane intercepting the cod axis. 
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6. The coil of claim 1, wherein a downward force that is 
perpendicular to the coil axis on each individual coil is sub-
stantially near or in a same plane and cancels out a perpen-
dicular upward force in the same plane. 
7. The coil of claim 1, wherein the coil operates as a canted 
coil in a pre-loader sealing application. 
8. The coil of claim 1, wherein a compression force to an 
individual coil does not increase the width of the individual 
coil along an out-of-plane direction. 
9. The coil of claim 1, wherein the at least two cants per 
individual coil are formed in plane perpendicular to the coil 
axis. 
10. The coil of claim 9, wherein at least one additional cant 
is formed on each individual coil along a plane parallel to the 
coil axis. 
11. The coil of claim 1, configured to exert load-deflection 
forces in at least two planes. 
12. The coil of claim 1, configured to exert load-deflection 
forces in at least three planes. 
13. A coil, comprising: 
a plurality of interconnected individual coils forming a 
length along a coil axis, wherein each individual coil has 
two or more cants formed therein, a first cant causing a 
top of each of the individual coils to extend in a first 
direction with respect to the coil axis and a second cant 
causing a bottom of each of the individual coils to also 
extend in the first direction, and wherein the at least two 
cants formed therein are configured to allow each indi-
vidual coil to be compressed about the coil axis; 
wherein each of the individual coils comprises repeated 
portions which are spaced apart from corresponding 
repeated portions of adjacent coils; and 
12 
wherein the at least two cants form an arc along a portion of 
each individual coil. 
14. The coil of claim 13, wherein the cants are curves with 
varying radii. 
5 	 15. The coil of claim 13, wherein at least two of the cants 
formed on each individual coil are angled in different coor-
dinate quadrants in a plane intercepting the coil axis. 
16. The coil of claim 13, wherein the at least two cants per 
individual coil are formed in a plane perpendicular to the coil 
io 
axis. 
17. The coil of claim 16, wherein at east one additional cant 
is formed on each individual coil along a plane parallel to the 
coil axis. 
18. A coil, comprising: is 	
a plurality of interconnected individual coils forming a 
length along a coil axis, wherein each individual coil has 
two or more cants formed therein, a first cant causing a 
top of each of the individual coils to extend in a first 
direction with respect to the coil axis and a second cant 
20 
causing a bottom of each of the individual coils to also 
extend in the first direction, and wherein the at least two 
cants formed therein are configured to allow each indi-
vidual coil to be compressed about the coil axis; 
each individual coil having at least two contact edges being 
25 
configured to contact, and receive a perpendicular force 
from, a pair of contact surfaces, wherein the application 
of the perpendicular force from one of the contact sur-
faces results in a perpendicular reactionary force which 
30 	
does not result in a shifting motion between each of the 
coils and each of the contact surface. 
